Response of riparian plant communities to hydrological alteration: Are seed banks a means of restoration? by Gorham, Siobhan Boyer
University of Mississippi 
eGrove 
Electronic Theses and Dissertations Graduate School 
1-1-2011 
Response of riparian plant communities to hydrological alteration: 
Are seed banks a means of restoration? 
Siobhan Boyer Gorham 
University of Mississippi 
Follow this and additional works at: https://egrove.olemiss.edu/etd 
 Part of the Biology Commons 
Recommended Citation 
Gorham, Siobhan Boyer, "Response of riparian plant communities to hydrological alteration: Are seed 
banks a means of restoration?" (2011). Electronic Theses and Dissertations. 1348. 
https://egrove.olemiss.edu/etd/1348 
This Dissertation is brought to you for free and open access by the Graduate School at eGrove. It has been 
accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of eGrove. For more 
information, please contact egrove@olemiss.edu. 
RESPONSE OF RIPARIAN PLANT COMMUNITIES TO HYDROLOGICAL ALTERATION: 
ARE SEED BANKS A MEANS OF RESTORATION?
A Dissertation
Presented in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy
Department of Biology
The University of Mississippi
Siobhan Gorham
May 2011
Copyright © 2011 by Siobhan Gorham
All rights reserved
ABSTRACT
The effects of anthropogenic modifications of stream systems on in situ plant community 
composition and seed bank composition were examined at five riparian sites in the Yazoo River 
watershed in northern Mississippi.  This analysis was performed to determine if the soil seed 
bank can provide a means for the restoration of riparian floodplain plant communities.  The study  
sites represented five different kinds of hydrological alteration: a highly incised riparian terrace 
isolated from the stream channel, a deforested original stream with reduced flow due to 
channelization and standing water due to levees, a forested original stream with reduced flow 
due to channelization, a stream above a reservoir, and a stream below an embankment dam.
The study of the in situ community revealed that functional group richness and species richness 
were strongly correlated, that wetland functional groups were outnumbered by facultative 
functional groups at all sites except for one site managed as a marsh, that canopy openings were 
related to increased wetland species richness, and that laterally expanded floodplains created 
high species richness of wetland, facultative, and upland species.  The seed bank analysis 
revealed that when the aboveground species assemblages were dominated by upland species the 
functional group and species richness in the seed banks of riparian floodplains were reduced, 
seed banks were composed of species adapted to conditions not currently at a site, and wetland 
species were more abundant in seed banks at drier sites.  This study found an assemblage of 
species in the seed bank that would most successfully contribute to restoration projects in 
conjunction with restoration of some level of flood hydrology and selective clearing.    
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CHAPTER I
THE RESPONSE OF RIPARIAN PLANT COMMUNITIES TO DIFFERENT 
ANTHROPOGENIC MODIFICATION REGIMES
      
Abstract
The riparian plant community composition under different types of hydrological alteration was 
examined at five sites: a highly incised riparian terrace isolated from the stream channel, a 
deforested channelized stream currently managed for marsh conditions, a forested original 
stream with reduced flow due to channelization, a stream above a reservoir delta, and a stream 
below an embankment dam. The five study sites were located in original floodplains of modified 
streams in northern Mississippi. At each site plant surveys were conducted using modular 
quadrats with nested sampling quadrats, to assess plant community composition, functional 
group richness, and the influence of environmental variables on plant community assemblages 
using dominance and richness evaluations, ANOVA, and NMS and CCA ordination.  Functional 
group richness and species richness were strongly correlated. All sites showed an abundance of 
facultative species in the plant community assemblages. Wetland functional groups were 
outnumbered by facultative functional groups at all sites except for one site that is managed as a 
marsh. Sites with canopy openings showed greater wetland species diversity. The reservoir delta 
preserved riparian vegetation and included a number of upland species to create an environment 
with high diversity and functional group richness.
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Introduction
 Forested riparian floodplains support a community of plants uniquely adapted to the 
periodic disturbances of floodwater scouring and inundation (Johnson 2002, Day et al. 1988, 
Mitsch and Gosselink 2000). The plants found in these floodplains flourish in a specific 
environment that is defined by alternating between periods of soil saturation during and after 
vigorous flooding, and dry periods between flood events, (Rodrigue and Wright 2003), and often 
in shaded conditions (King et al. In press).  
 In the past century, large numbers of impoundments such as levees, dams, and channels 
have been constructed on rivers and streams to regulate the effects of water on the surrounding 
environment (USACE 2007), and facilitate large-scale agricultural land use changes. These 
impoundments have become essential to a variety of land uses. They can have negative effects 
on floodplain ecosystems by reducing or eliminating the connection between the water column 
and the floodplain (Amoros and Bornette 2002). When such interchange between the instream 
(lotic) and the floodplain system is altered, the vegetative floodplain communities adapted to 
periodic inundation will be affected by the loss of genetic input, loss of organic matter, and the 
loss of floodplain deposition and scouring (Amoros and Bornette 2002). Nutrient and propagule 
input is reduced, and periods of soil saturation will be shortened. As soils dry out the soil 
chemistry will change, potentially altering plant community composition (Shafroth et al. 2002, 
Johnson 2002).  
 Low residence time of the floodwater in the floodplain results in low organic inputs into 
the floodplain soils, a reduction in biogeochemical procesing, and low hydrochorous propagule 
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inputs (Richards 1982, Hupp 1992). When a stream system is impounded by the construction of 
a dam, the water collects behind the dam and forms a reservoir. The original floodplain becomes 
submerged, and the stream channel above the reservoir widens as the water extends laterally into 
the floodplain. The new stream and reservoir banks may be a part of an older floodplain, or may 
be part of an upland system that previously had minimal or no connection to the river or stream, 
and this will depend on the size of the dam and reservoir. Below the dam the stream width will 
narrow as extremes of discharge are reduced. The original floodplain will dry out as the stream 
channel width narrows and the interface between the stream and the floodplain will diminish, 
either quantitatively, temporally, or both.  
 River channel erosion occurs either as a result of too little or too much sediment input 
(Richards 1982). Downstream changes in bed level consequently affect bank gradient. As flow 
accelerates due to the steepening channel bed, erosion causes bank deterioration, which leads to 
channel widening and bank steepening. Streamside vegetation cover can be lost during channel 
degradation and channel widening events (Hupp 1992). The rate of bank widening will be a 
significant factor in determining the future species composition in these areas (Hupp 1992). The 
intensity of hydrological and morphological change increases with anthropogenic disturbances 
that increasingly reduce flow rate and flood cycles. The loss of connectivity between the 
floodplain and the water column caused by impoundments such as dams and channelization may 
change the above ground plant community from a wetland, riparian system to a drier upland 
system.  Species diversity is a useful tool for relating communities within the same watershed 
(Ward and Tockner 2001). Different species can perform the same or similar functions within a 
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community, and understanding these functional groups in riparian systems can allow for trans-
watershed comparisons.
 Southeastern bottomland hardwood riparian systems are systems with high species 
diversity (Rodrigue and Wright 2003, Mitsch and Gosselink 2000). These systems experience 
seasonal flood events from late winter into spring.  These systems move through low-gradient 
landscapes and experience late summer low water levels. High plant species diversity can lead to 
higher primary productivity in a system (Tilman 2000, Mitsch and Gosselink 2000). Higher 
diversity has also been correlated with higher nutrient retention (Tilman 2000). Although there is 
some debate over the ways in which diversity contributes to ecosystem function (Brewer 2010, 
Huston and McBride 2002), loss of diversity in these systems may facilitate the loss of important 
habitat specialists. Floodplain plant community diversity becomes reduced as the floodplain dries 
and water quality within the stream decreases (Perrow and Davy 2002). As the flood disturbance 
is reduced and the floodplain no longer experiences a period of saturation, plants adapted to 
drier, less disturbed conditions can outcompete the floodplain species. The community 
composition could be changed to the extent that even returning periodic flooding to the system 
may not be enough to allow the original community to reestablish (Lonsdale 1993, Howell and 
Benson 2000, Ward 2001, Shafroth et al.. 2002, Camargo 2002). The longer the flood cycles are 
suppressed, the more entrenched the invading community can become (Howell & Benson 2000, 
Shafroth et al. 2002). In some cases the upland colonizers cannot tolerate periods of soil 
saturation and die off after flood periods are resumed. However, some species that cannot 
tolerate flooding during germination can withstand soil saturation as adults (Shafroth et al. 
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2002). Shading caused by established invasive species can inhibit the germination of riparian 
species that require high disturbance and low vegetation cover (Howell and Benson 2000, 
Camargo et al. 2002, Kitajima 2002). 
 This study examined the species and functional group composition of five hydrologically 
altered riparian systems in northern Mississippi. I hypothesize that functional group richness, 
species assemblage, and environmental conditions will differ with modification type, with some 
sites supporting greater numbers of shade tolerant wetland species and functional groups than 
others.
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Methods
 The Yazoo River watershed drains an area 35,589 km2 in northwestern Mississippi, and 
includes within the drainage both the Yocona and the Little Tallahatchie Rivers. The Yocona 
River is impounded in Enid Reservoir, and the Little Tallahatchie River in Sardis Reservoir, two 
of four major flood control reservoirs in this system.  The Yazoo River watershed has undergone 
extensive anthropogenic modification in the last 80 years, either for flood control purposes after 
the Great Flood of 1927, or agricultural use.  Dominant tree species in northern Mississippi’s 
bottomland hardwood forests are sweetgum (Liquidambar styraciflua), green ash (Fraxinus 
pennsylvanicum), bald cypress (Taxodium distichum), sugarberry (Celtis laevigata), maples 
(Acer spp.), sycamore (Platanus occidentalis), water tupelo (Nyssa aquatica), black willow 
(Salix nigra), elms (Ulmus spp.), hickories (Carya spp.), and a variety of oaks (Quercus spp.) 
(Gardiner and Oliver 2005).  Common herbs and vines associated with these systems include 
butterweed (Packera glabella), jewelweed (Impatiens capensis), royal fern (Osmunda regalis), 
poison ivy (Toxicodendron radicans), greenbriers (Smilax spp.), and trumpet-creeper (Campsis 
radicans). The wet season runs from November through March, and the clayey soils keep water 
on the floodplain. 
Study Sites
 Five sites were selected based on their proximity to a lowland riparian stream that has 
undergone different types of anthropogenic modification (Figure 1, Table 1). These sites are all 
located within the Yazoo River watershed, and are expected to have similar species composition. 
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Figure 1: Study sites shown as filled circles in northern Mississippi inset map. Small Mississippi map: 
http://geology.com/state-map/mississippi.shtml
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Table 1: Description of sites by modification characteristics
Lee Puskus Snow Little 
Tallahatchie
Yocona
Type of 
modification
Incision from 
erosion due to 
upstream 
deforestation
Flow reduction from 
upstream 
embankment dam
Flow reduction from 
upstream removal, 
floodplain expanded 
by downstream 
reservoir
Flow reduction 
from upstream 
channelization
Flow reduction 
from 
channelization, 
hydroperiod 
modified for 
recreation
Dates of 
alteration Early 1900s 1957 1947, 1962 1940 1952, 1999
Deforested N N N N Y 
Site within an 
active 
floodplain
N Y Y Y N
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 The Lee Creek site is located on a terrace above a deeply incised stream channel, in a 
southern riparian forest floodplain in Lafayette County, Mississippi (34.4375 N, 89.3576 W). 
The terrace elevation is 109 m, approximately 3-5 m above the stream channel. Lee Creek has 
become incised and disconnected from its previous channel and floodplain. Bald cypress 
(Taxodium distichum) cores from the terrace indicate that the creek was significantly incised by 
at least 50 years ago (Valentine et al. 1997). The terrace community is composed of mixed 
hardwoods and a remnant cypress dome. The site floods during rainfall events, and quickly 
drains into Lee Creek after flood events. The primary soil type is Arkabutla-Chenneby 
association, a poorly drained silty clay loam soil (NRCS 2010). The depth to the water table for 
this soil is typically 30-45 cm. The site holds water for large periods of time, forming perched 
wetlands on the terraces. The study site shows evidence of old meander scrolls (personal 
observation). It is a forested terrace with microtopographic variation shaped by the original 
stream flow.  
 The Puskus Creek site is located in a southern riparian forest floodplain in Holly Springs 
National Forest, in Lafayette County, Mississippi (34.4388 N, 89.3621 W). The site is located at 
an elevation of 110 m along the stream just above the reservoir. The reservoir was created when a 
small embankment dam was constructed 50 years ago. The study site is contained in a riparian 
floodplain corridor that floods periodically. The dominant water sources are precipitation and 
bank overflow from the stream channel. The site floods during rainfall events, and drains into 
Puskus Reservoir. The primary soil type is Arkabutla silt loam, which is somewhat poorly 
drained (NRCS 2010). The depth to the water table for this soil is typically 30-45 cm. It is 
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occasionally flooded, and the soil does tend to form small depressions and channels as a result of 
erosion. The study site contains both gradual elevation from the stream as well as various 
morphological features such as channels and tip-ups resulting from erosion as flood and rain 
water run through the floodplain. The elevation of the nested quadrats located the furthest 
distance from the stream channel are higher than the elevation of the nested quadrats located 
closest to the stream channel (visual assessment). There is a network of small hollows and 
hummocks carved out during flood events in the vicinity of the study site.
 The Snow Creek site is a relatively uniform, even floodplain without distinctive zonation 
patterns, located in Benton County, Mississippi (34.7726 N, 89.2523 W). The site is located 
south of Snow Lake, a small embankment dam reservoir, and is bordered on one side by Snow 
Creek, at an elevation of 117 m. The study site is contained in a riparian floodplain corridor, and 
the dominant water sources are precipitation and bank overflow from the stream channel. The 
site floods during rainfall events, and drains into Snow Creek after flood events. Flooding at this 
site can last for several days. This site is a flat floodplain with no significant elevation gradient. 
The primary soil type is Arkabutla silt loam, which is somewhat poorly drained (NRCS 2010). 
The depth to the water table for this soil is typically 30-45 cm. It is occasionally flooded, and 
although ponding is unusual, the soil does tend to form small depressions.  The floodplain is 
relatively level, with no discernible elevation differences. There is a network of small hollows 
and hummocks that have been carved out during flood events in the vicinity of the study site. 
 The Little Tallahatchie River site is located in a riparian forest floodplain in Lafayette 
County, Mississippi, contained within Holly Springs National Forest (34.5204 N, 89.3631 W). 
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The site is located along the old stream channel, within the active floodplain, at an elevation of 
82 m. The Little Tallahatchie River was channelized in 1940 to facilitate the removal of the 
floodwaters from the floodplain into Sardis Reservoir. The old river channel where the site is 
located is seasonally inundated and occasionally flooded after high precipitation. It is not 
connected to the active channel, but the old channel maintains annual flow.  The dominant water 
sources are precipitation and bank overflow from the stream channel. Flooding at this site can 
last for several days. Vegetation zonation is evident as the distance from the stream channel 
increases. The portion of the quadrat closest to the water is at a low elevation and experiences a 
greater influx of water from the stream channel than the higher, more distant portion of the site. 
The soils at the site are Arkabutla-Chenneby association, frequently flooded (NRCS 2010). It is 
occasionally flooded, and though ponding is unusual, erosion has contributed to the formation of 
small depressions. The soil is somewhat poorly drained. There is a network of small hollows and 
hummocks carved out during flood events in the study site. 
 The Yocona River site is located 4.8 km north of Water Valley, Mississippi, in Lafayette 
County (34.2049 N, 89.6761 W). The site is located to the northwest of the Yocona River 
channel, at an elevation of 77 m. This portion of the original floodplain was developed by Ducks 
Unlimited as a 240 ha water management area that retains water in the old Yocona River 
floodplain when Enid Lake is drawn down in the fall, in order to provide habitat for migrating 
and wintering waterfowl.  The wetland is partially open and partially forested, and runs along the 
Yocona River Canal. There is no direct lateral connection between the channelized river and the 
remnant floodplain at this location, and the primary water source at the study site is precipitation 
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and overland runoff from upstream. This site shows vegetation zonation patterns that appear to 
follow water flow and microptopographical patterns. There is no overstory at the site. The 
primary soil type is Arkabutla-Chenneby association NRCS (2010). This soil type is described as 
frequently flooded, poorly drained, silty clay loam. The study site is a low-lying swale, formed 
by the Yocona River. There is a network of small hollows and hummocks carved out during flood 
events in the vicinity of the study site. 
Site dimensions
 At each site, a 20 m x 20 m square of four 10 m x 10 m quadrats was established in the 
manner of Mack et al. (2000), situated along and parallel to the streambank. The situation of the 
quadrats allowed samples to be taken at regular distances from the streambank. Each quadrat 
contained two nested 1 m x 1 m plots for intensive vegetation sampling, totaling eight vegetation 
sampling plots per site. 
Plant Community Surveys
 Plant surveys were performed at all five sites, representing the different degrees of 
anthropogenic system alterations. Surveys were performed in from March through September 
2005, 2006, and 2007 at monthly intervals. Every individual of each herbaceous species in each 
nested quadrat was identified and counted at each sampling visit. Grasses were counted by tillers. 
In the event that an individual could not be identified on-site a representative of the unknown 
species was collected from outside of the sampling area. Each sample was pressed and 
transported to the University of Mississippi Thomas H. Pullen Herbarium where final 
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identifications were made. Tree species were identified and counted in each 10 m x 10 m 
quadrat, and the diameter at breast height (dbh) of each tree was measured and recorded. 
Species identification and categorization 
 Plants were identified to species using field guides and keys, as well as using herbarium 
specimens. Some species, particularly the graminoids (including grasses, sedges, and rushes), 
were identified only to genus. These taxa were counted as one species in the analyses, and may 
underestimate the number of species within the genus. Species were assigned to four 
morphological groups: ferns, graminoids, herbs, shrubs (Verheyen et al. 2004). Species were 
categorized as native or non-native, by propagule type, reproductive category (monocot or dicot), 
life history strategy (annual or perennial), and Wetland Indicator Status according to the USDA 
Plants database (USDA 2011). The USDA Wetland Indicator Status classifies species based on 
the likelihood that it will be found in a wetland environment: obligate (OBL) species are 
predicted to occur in wetlands 99% of the time; facultative wetland species (FACW) are 
expected to occur in wetlands between 67% and 99% of the time; facultative (FAC) species are 
expected to occur in wetlands and non-wetlands equally, between 34% and 66% of the time; 
facultative upland (FACU) species are expected to occur in non-wetlands between 67% and 99% 
of the time; and, upland (UPL) species are expected to occur in non-wetlands 99% of the time. A 
positive sign (+) indicated a tendency for that species to occur on the higher end of the range of 
likelihood, and a negative sign (-) indicates the species tends more towards the lower end of the 
range.  
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Tree community surveys
 Tree species were identified and counted within each 20 m x 20 m study site. Species 
were identified using various field guides, or using the University of Mississippi herbarium. 
Diameter at breast height (dbh) was measured for each tree that was part of the canopy. Saplings 
(determined by visual assessment) were not included in canopy measurements, but were 
identified as present. 
Light Measurements and Soil Chemistry Survey
 Light readings (PAR in µmol·m-²·sec-1) were measured with a Li-Cor Quantum Sensor. 
Readings were taken in July 2007. All readings were taken at midday on cloudless days to 
optimize the light intensity. All samples were taken during the same week in order to reduce 
variation in intensity over time. 
 Soil samples were taken with a handheld soil corer. Cores were 15 cm long by 2.54 cm 
dia. Samples were immediately transported to the University of Mississippi Biology Department 
and stored in the lab at 20 C° for three weeks. They were then transferred to the Mississippi State 
University Soil Testing Lab-Extension Service where they were analyzed for P, %OM, and pH.
Statistical Analysis
 Nonmetric Multidimensional Scaling (NMS) was used to analyze the influence of 
environmental factors on in situ community composition using PCORD 5.0 (McCune & Mefford 
2006). The data were adjusted using Beals smoothing prior to NMS analysis. Beals smoothing 
was useful in this analysis because the environmental data contained a lot of zeros, and the 
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replacement of cell values with probabilistic values helped simplify the information available for 
each axis (Caceres and Legendre 2008, McCune & Mefford 2006).  Three axes were used,
with one run in realtime data, stability criterion was 0.0005, 10 iterations to maximize stability, 
the maximum number of iteration was 400, no step down in dimensionality, and distance settings 
were Sorenson distances.  The NMS solution with the lowest stress value and highest stability 
was chosen (McCune & Mefford 2006).  The relationship of the measured environmental 
variables to the species assemblages was examined using Canonical Correspondence Analysis 
(CCA) using PCORD 5.0 with sites optimized. Data for 42 plots, 52 species, and six 
environmental variables were included.  
 The environmental variables included site type (type of modification), microtopography 
(hummock, hollow, flat), distance from stream, light availability, soil P, soil %OM, soil pH, 
drainage (poor, moderate, good), and the presence of mature Fagus grandifolia and Acer 
barbatum in the canopy. These variables were analyzed in relation to the species densities at each 
site in NMS and CCA. Mantel tests were performed in PCORD 5.0 to determine if the 
environmental variables were correlated with species composition. The tests were run first with 
one matrix of 37 species, and one matrix of 10 environmental variables, using Euclidean 
distances. The randomization method was used for evaluating the test statistic. 
 Indicator species analysis is a tool designed to assign a value to different species that 
have associations with specific environmental conditions (McCune and Grace 2002). The 
relative abundances, relative frequencies, and indicator values for these species were determined 
using Indicator Species Analysis in PCORD 5.0 using 4999 runs in a Monte Carlo test, with P 
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values set at 0.05. The relative abundances, relative frequencies, and indicator values for the 
species assemblages were determined using Indicator Species Analysis in PCORD 5.0 using 
4999 runs in a Monte Carlo test, with P values set at 0.05.
 Richness (S) values were assigned to identify both the total number of each species 
present, and the total number of each functional group.  Diversity is represented as Shannon’s H’, 
a measure of  richness and proportion within a community. Shannon’s diversity index was 
calculated as follows:
     H’ = -∑(Pilog[Pi])
Where Pi is the abundance of a species in a community divided by the total number of species in 
a community. This value was then multiplied by the log of the number. 
  Evenness, a measure of similarity of abundance in a community, was calculated for both 
species and functional groups. Evenness was determined using Shannon’s H’ and species 
richness (S):
     E = H’/log(S)
 Importance values and species densities for canopy species were calculated in Microsoft 
Excel. Importance Value (IV) is a ranking system based on how common a species is in a forest 
and the amount of forest area occupied by a species (Keurs 2005). The value given each species 
is a sum of the relative frequency (RF) (the species frequency in the community divided by the 
sum of all the species frequencies in the community), the relative density (RD) (the density of 
the species in the study area divided by the sum of the densities of all the species in the study 
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area), and the relative basal area (RBA)(measured as dbh, divided by the sum of the dbh 
measurements for all species present at the study site):
    IV = RF + RD + RBA
 To determine the likelihood that a species would be found more often in the field sites 
single-factor ANOVAs were performed on the species at each site, using Microsoft Excel.  
Correlation analysis (Pearson product-moment) was performed in Excel to determine if there 
were any strong similarities between sites, in all treatments.
Functional groups analysis
 Plants were assigned to functional groups based on combinations of morphological and 
reproductive strategy traits related to how a species responds to stress and disturbance (Bossuyt 
2005) (Table 2).  The traits included life span (annual or perennial), growth form (graminoid, 
herb, shrub, vine), propagule type chosen to reflect dispersal strategy (achene, berry, fruit, 
capsule, spore, winged seed), reproductive category (moncot, dicot, cryptogram). Each 
functional group is described by a unique combination of these traits.  Functional group richness 
was calculated as the number of functional groups represented.
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Table 2. Plants and traits examined in this study.   Life history strategy: P = perennial, 
AN = annual.   Native: N = native, O = non-native.  
 
Scientific Name Reproductive 
Category
Life Form 
Category
Propagule Type Life History 
Strategy
Native
Wetland Species
Pilea pumila dicot herb achene AN N
Polygonum pennsylvanicum dicot herb achene AN N
Calycocarpum lyonii dicot herb achene P N
Boehmeria cylindrica dicot herb achene P N
Polygonum hydropiperoides dicot herb achene P N
Galium tinctorium dicot herb capsule P N
Ludwigia glandulosa dicot herb capsule P N
Lycopus rubellus dicot herb capsule P N
Ranunculus sceleratus dicot herb fruit AN N
Gratiola virginiana dicot herb fruit AN N
Bidens frondosa dicot herb winged achene AN N
Packera glabella dicot herb winged achene AN N
Rubus hispidus dicot shrub berry P N
Cyperus strigosus monocot graminoid achene P N
Paspalum spp monocot graminoid achene P N 
Juncus effusus monocot graminoid achene P N
Eleocharis palustris monocot graminoid achene P N
Glyceria striata monocot graminoid achene P N 
Rhynchospora corniculata monocot graminoid winged achene P N
Facultative Species
Panicum spp monocot graminoid achene AN N/O
Poa spp monocot graminoid achene AN N/O
Microstegium vimineum monocot graminoid achene AN O
Carex spp monocot graminoid achene P N
Chasmanthium latifolium monocot graminoid winged achene P N 
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Table 2. Continued.
Viola sororia dicot herb achene P N 
Polygonum virginianum dicot herb achene P N
Symphyotrichum dumosum dicot herb winged achene P N 
Elephantopus carolinianus dicot herb winged achene P N
Allium cernuum monocot herb fruit P N
Hypericum hypericoides dicot shrub achene P N
Parthenocissus quinquefolia dicot vine berry P N
Smilax glauca dicot vine berry P N
Toxicodendron radicans dicot vine berry P N 
Vitis rotundifolia dicot vine berry P N 
Ampelopsis arborea dicot vine berry P N
Lonicera japonica dicot vine berry P O
Smilax bona-nox dicot vine berry P N
Smilax rotundifolia dicot vine berry P N
Ipomoea hederacea dicot vine fruit AN O
Ipomoea lacunosa dicot vine fruit P N
Bignonia capreolata dicot vine winged achene P N
Dioscorea villosa dicot vine winged achene P N
Upland Species
Botrychium virginianum cryptogram herb n/a P N
Dryopteris marginalis cryptogram herb n/a P N
Oxalis stricta dicot herb achene P N
Ranunculus harveyi dicot herb achene P N
Lespedeza virginica dicot herb capsule P N
Desmodium ciliare dicot herb capsule P N
Podophyllum peltatum dicot herb fruit P N
Jacquemontia tamnifolia dicot vine capsule AN N 
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Table 2. Continued.
 
Passiflora incarnata dicot vine fruit P N
Mitchella repens dicot vine fruit P N
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Results
 Herbaceous species composition
 Within the Carex, Panicum, and Poa, genera could not be keyed to species, so each genus 
is hereafter counted as one taxon. Species richness was greatest at Puskus Creek (Figure 2). 
Eighteen of the twenty-six species found at Puskus Creek accounted for 90% of the individuals 
present. These species were T. radicans, Viola sororia, L. japonica, Carex spp, P. quinquefolia, 
Chasmanthium latifolia, S. glauca, Smilax rotundifolia, R. hispidus, Desmodium ciliare, 
Lespedeza virginica, E. carolinianus, Bidens frondosa, S. bona-nox, M. vimineum, Hypericum 
hypericoides, B. cylindrica, and Rhynchospora corniculata. Six of these eighteen species are 
wetland species, and two are non-native (L. japonica (FAC) and M. vimineum (FAC+)). Lee 
Creek had the second highest species richness. Fifteen of twenty five species accounted for 90% 
of the total number of individuals at both Lee Creek and the Tallahatchie River. These species for 
Lee Creek were L. japonica, Carex species, Beohmeria cylindrica, Lycopus rubellus, 
Parthenocissus quinquefolia, Elephantopus carolinianus, Botrychium virginianum, Ranunculus 
harveyi, Bignonia capreolata, Smilax glauca, Ampelopsis arborea, Dioscorea villosa, Dryopteris 
marginalis, Polygonum virginianum, Eleocharis palustris. Four of these species are wetland 
species (B. cylindrica, L. rubellus, A. arborea, and E. palustris), and one is non-native (L. 
japonica). 
 Species richness at Snow Creek was the second lowest of all five sites. Seven of the 
eighteen species present at the Snow Creek site accounted for 90% of the total number of 
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individuals present. These species were Toxicodendron radicans, Lonicera japonica, Carex 
species, Dioscorea villosa, Microstegium vimineum, Bignonia capreolata, and Vitis rotundifolia. 
Two of these species, L. japonica and M. vimineum, are non-native, and all are facultative 
species (USDA 2011). M. vimineum is FAC+, indicating it is slightly more likely to be found at a 
wetland site than a non-wetland site.  All species are FAC or FAC+.
 The Little Tallahatchie River site had the third highest species richness, but of the species 
at the site the majority were wetland species. The dominant species at the Little Tallahatchie 
River site were B. cylindrica, Carex spp, Poa spp, Polygonum pennsylvanicum, R. harveyi, Pilea 
pumila, Oxalis strigosus, A. arborea, S. glauca, Ipomoea lacunosa, Calycocarpum lyonii, Smilax 
bona-nox, Polygonum hydropiperoides, T. radicans, Rubus huspidus. Eight of these species are 
wetland species (B. cylindrica, P. pennsylvanicum, P. pumila, A. arborea, I. lacunosa, C. lyonii, 
P. hydropiperoides, R. hispidus), and all are native.  
 Yocona River had the lowest species richness. The majority of the species at Yocona 
River were marsh species. Seven of fourteen species accounted for 90% of the individuals 
sampled at Yocona Creek. All seven species are wetland indicator species, and none are non-
native. These species are Glyceria striata, Gratiola virginiana, Ludwigia glandulosa, P. 
hydropiperoides, P. pennsylvanicum, Juncus effusus, and Poa spp.
Functional groups analysis
 Of the wetland species, perennial herb groups were found in all sites (Table 3). Herb 
groups with achenes were found in all sites, with the highest presence in the Little Tallahatchie 
site. Herb groups with capsules were found most often in the Lee Creek site.  The annual herb 
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Table 3. Twenty-two functional types found in five sites in northern Mississippi floodplains
 
Functional Group Example
Number of species
Lee Puskus Snow Little Tallahatchie Yocona
Wetland Species or Genera
herb, annual, achene Pilea pumila 0 0 0 2 1
herb, perennial, achene Calycocarpum lyonii 1 1 2 3 2
herb, perennial, capsule Galium tinctorium 2 1 1 1 1
herb, annual, fruit Ranunculus sceleratus 1 1 0 0 1
herb, annual, winged seedBidens frondosa 1 1 0 2 1
shrub, perennial, berry Rubus hispidus 0 1 0 1 0
graminoid, perennial, 
achene
Cyperus strigosus 1 0 0 0 5
graminoid, perennial, 
winged seed
Rhynchospora corniculata 0 1 0 0 0
Totals 5 6 2 5 6
Facultative Species or Genera
graminoid, achene, 
annual
Panicum spp 2 1 1 2 0
graminoid, achene, 
perennial
Carex spp 1 1 1 1 0
graminoid, perennial, 
winged seed
Chasmanthium latifolium 0 1 0 0 0
herb, achene, perennial Viola sororia 1 1 1 1 0
herb, perennial, winged 
seed
Symphyotrichum dumosum 1 1 1 1 0
herb, fruit, perennial Allium cernuum 1 0 0 0 0
shrub, achene, perennial Hypericum hypericoides 0 1 0 0 0
vine, berry, perennial
Parthenocissus 
quinquefolia
6 8 7 7 2
vine, fruit, annual Ipomoea hederacea 0 0 0 1 0
vine, fruit, perennial Ipomoea lacunosa 0 0 0 1 0
vine, winged seed, 
perennial
Bignonia capreolata 2 1 2 0 0
Totals 7 8 6 7 1
Upland Species or Genera
cryptogram, perennial Botrychium virginianum 2 1 0 0 0
herb, achene, perennial Oxalis stricta 1 2 1 2 0
herb, capsule, perennial, 
N-fixer
Lespedeza virginica 1 2 0 0 0
herb, fruit, perennial Podophyllum peltatum 0 0 0 0 0
vine, capsule, annual Jacquemontia tamnifolia 0 0 0 0 1
vine, fruit, perennial Passiflora incarnata 1 0 1 0 0
Totals 1 5 2 4 1
functional group richness 16 17 10 13 8
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with winged seed group was present in four of five sites, excluding Yocona River. Puskus Creek 
had the highest functional group richness in the wetland groups.
 The facultative groups were dominated by herb groups, with one vine group having the 
greatest within-group species richness.  Herb groups and graminoid groups were equally 
represented in facultative functional group composition. Perennial species were present slightly 
more in the community. Winged seeded species were important components of the facultative 
community assemblages in all sites except Yocona River. 
 All sites except Yocona River had members in the upland herb, perennial, achene group 
(e.g., Oxalis stricta). Puskus Creek had the highest functional group richness in the field sites. 
Functional group richness is greatest at Puskus Creek, and that richness was concentrated in the 
Wetland and facultative groups. 
Species and functional group richness
 Of all five sites, Yocona River had the lowest functional group and species richness 
(Figure 2). Puskus Creek had the greatest functional group and species richness. Regression 
analysis showed that species richness and functional group richness are highly correlated: R2 = 
0.88, P = 0.018 (Figure 3). 
Indicator species analysis
    Indicator species analysis showed that a number of species had densities that differed in 
relation to the modification. The indicator species for Snow Creek are all FAC species, and all 
vines (Table 4).   The species associated as indicators of the Little Tallahatchie River are 54% 
wetland species. 25% of the indicators for Lee Creek are wetland species. None of the indicator 
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Figure 3: Relationship of functional group richness and species ricness at each site (r2 = 0.92). 
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Table 4: Indicator species for each site and USDA Indicator 
status for herbaceous species
P Indicator Status1
Lee
Botrichium virginianum 0.001 FACU
Elephantopus carolinianus 0.023 FAC
Lycopus rubellus 0.001 OBL
Parthenocissus quinquefolia 0.025 FAC
Puskus
Chasmanthium latifolium 0.007 FAC-
Viola sororia 0.061 FAC-
Snow
Bignonia capreolata 0.017 FAC
Dioscorea villosa 0.001 FAC
Lonicera japonica 0.001 FAC-
Toxicodendron radicans 0.001 FAC 
Tallahatchie
Ampelopsis arborea 0.014 FAC+
Boehmeria cylindrica 0.004 FACW+
Calycocarpum lyonii 0.002 FACW-
Ipomoea lacunosa 0.004 FAC+
Oxalis strigosus 0.004 UPL
Packera glabella 0.004 FACW+
Poa taxa 0.001 FAC
Polygonum pennsylvanicum 0.057 FACW 
Ranunculus harveyi 0.015 FACU
Smilax glauca 0.02 FAC 
Symphotrichum dumosus 0.02 FAC
Yocona2
Gratiola virginiana 0.025 OBL
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Table 4: Continued. 
Glyceria striata 0.001 OBL
Juncus effusus 0.004 FACW+
Ludwigia glandulosa 0.032 OBL
Paspalum taxa 0.025 FAC+
Polygonum hydropiperoides 0.004 OBL
Eleocharis palustris 0.05 OBL
1 From USDA 2011 PLANTS database
2 Yocona is a deforested site with no overstory. Three saplings were discovered in the 
understory: Liquidambar styraciflua, Acer rubrum, and Acer barbatum.
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species for Puskus Creek were wetland species, and 100% of the species that were identified as 
indicator species for the Yocona River site were wetland species. Species that were significant in 
the in situ measurements were Ampelopsis arborea, Dioscorea villosa, Lonicera japonica, 
Ranunculus harveyi, Smilax glauca, and Toxicodendron radicans. Other than R. harveyi, which 
is an herb, all the species were perennial vines with large berries. Berries are often dispersed by 
animals, but have also been shown to float (Laconte 1984, Hamp 2004) for short periods of time.
Canopy Importance Values
 One of four species at the Snow Creek site was a wetland species (Table 5). The two most 
important species were an upland species (Fagus grandifolia), and a wetland species 
(Liquidambar styraciflua). 33% of the canopy species at Lee Creek are wetland species. Two of 
the three most important species in that community were wetland species (L. styraciflua, and 
Platanus occidentalis). One of six species (17%) at the Little Tallahatchie River site were 
wetland species. The two most important species in that community were facultative species.  
Half of the ten species at the Puskus Creek site were wetland species. The two species with the 
greatest importance values in that community were Liriodendron tulipifera (FAC) and Acer 
rubrum (FAC). The Yocona River site has been deforested, so there are no overstory species to 
rank. Three saplings were identified in sampling: Acer rubrum, Acer barbatum, and Liquidambar 
styraciflua. All three were facultative species. These individuals are included here for discussion 
rather than measurement to indicate the first colonizing species at the site after deforestation. 
Site Characteristics
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Table 5: Importance values (IV) for canopy species at each site
IV Indicator Status1
Lee
Liquidambar styraciflua 28.1 FAC+
Carya cordiformis 12.7 FAC 
Acer barbatum 17.8 FACU-
Diospyros virginiana 23.9 FAC 
Fagus grandifolia 29.8 FACU 
Platanus occidentalis 30.3 FACW-
Puskus
Liquidambar styraciflua 21.2 FAC+
Acer barbatum 24.3 FACU-
Ulmus americana 21.3 FACW 
Ilex decidua 26.6 FACW-
Juniperus virginiana 26.9 FACU-
Liriodendron tulipifera 31.2 FAC 
Fagus grandifolia 21.1 FACU 
Pinus serotina 26.8 FACW+
Quercus phellos 26.7 FACW-
Acer rubrum 30.3 FAC 
Snow
Liquidambar styraciflua 29.4 FAC+
Acer barbatum 17.8 FACU-
Quercus coccinea 17.3 FAC-
Fagus grandifolia 28.3 FACU 
Tallahatchie
Juglans nigra 27.6 FACU 
Carya cordiformis 28.5 FAC 
Acer barbatum 26.8 FACU-
Diospyros virginiana 28.5 FAC 
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Table 5: Continued.
Quercus coccinea 15.6 FAC-
Ilex decidua 23.7 FACW-
Yocona*
Acer rubrum n/a FAC 
Liquidambar styraciflua n/a FAC+
Acer barbatum n/a FACU-
1 Fom USDA 2011 PLANTS database
2 Yocona is a deforested site with no overstory. Three saplings were discovered in 
the understory: Liquidambar styraciflua, Acer rubrum, and Acer barbatum.
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  Herbaceous species richness showed an increase as the range of light readings increased 
between sites, measured from the deforested site against the two sites with the greatest canopy 
cover (Figures 4, 5). Range was measured as the difference of the greatest reading and the lowest 
reading.  Average light availability per site increases as tree size, or age, decreases. A greater 
range of light values below a canopy may indicate that the site has a number of canopy openings. 
Snow Creek has the lowest canopy density (Table 6), the lowest canopy species richness, and the 
largest average dbh.  Diversity is low in both the canopy and the herbaceous species layers. 
Species evenness is high for both layers.
 The Little Tallahatchie River site also has high canopy density, and high average dbh. The 
evenness of the stand is low, indicating that certain species have a stronger presence in the 
community than others. The importance values of Juglans nigra and Carya cordiformis were 
much higher than the value for Quercus nigra (Table 5), showing that their presence in the 
community was more influential. Herbaceous species richness was higher at the Little 
Tallahatchie site than the Snow Creek site, perhaps due to increased light availability, and more 
canopy openings. 
 The Puskus Creek site had the greatest number of canopy species and herbaceous species 
(Table 6). The canopy also had the lowest basal density and the greatest average light availability 
for the forested sites. This indicates the average canopy individuals were smaller, younger trees. 
Although the site had more species represented, there is a greater range of light availability, 
indicating that this site has a number of canopy openings. The increased light availability may 
contribute to the increased species richness. 
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Figure 4: Herbaceous species richness and ranges in light values at each site.
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Figure 5: Light levels at each site increase as basal areas decrease.
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Table 6: Site characteristics for the five riparian communities
Site Characteristic Lee Puskus Snow Little 
Tallahatchie
Yocona
Density (trees/ 20m2) 40 35 20 21 0
Basal area (dbh (cm) / 400 m2) 905 700 950 744 0
Ave dbh (cm) 22.6 20 47 35.4 0
Herbaceous species richness 25 26 18 25 14
Canopy species richness 6 10 4 6 3
Shannon diversity:stand 1.22 1.58 0.65 0.52 0
Shannon diversity: herb 1.97 1.78 1.6 1.9 1.34
Evenness: Stand 0.89 0.95 0.84 0.41 0
Evenness: herb 0.91 0.87 0.81 0.76 0.8
Light: average per site (µmol·m-
²·sec-1)
18.08 35.5 15.18 28.17 OC*
Light: range per site (µmol·m-²·sec-1) 12-30 15-97 11-22 12-60 OC 
%OM 2.2 3.3 2.8 2.1 4.0
P (mg/Kg) 16.62 26.18 24.75 45.12 42
pH 5.16 5.1 5 4.73 4.64
*OC = Open Canopy. Light meter readings were above the upper limit of the light meter
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  The Lee Creek site had the greatest density of canopy individuals, but lower canopy 
species richness than at Puskus Creek. The trees at this site were larger and older than at Puskus, 
and fewer species are represented, yet the diversity index (H’), and the evenness of the stand 
indicate that all of the canopy species are strongly represented in the community. The herbaceous 
species diversity at Lee Creek is highest for all sites. 
 The deforested site,Yocona River, had three canopy species saplings that were too small 
to be included in the canopy, as identified above. The area had full light, and lower species 
richness and diversity than at the other sites. The lower richness and diversity are likely a result 
of the absence of any canopy, reducing the heterogeneity of the landscape. 
Environmental variables and species assemblages 
 Mantel tests found significant patterns in the plant assemblages at each site (Mantel’s r = 
0.128, P = 0.05). The non-metric multidimensional scaling ordination found that light 
availability was the dominant environmental variable for both Axes (coefficients of 
determination for Axis 1: r2 = 0.825, r = 0.908, for Axis 2: r2 = 0.860, r = 0.927) (Figure 6). Axis 
2 was slightly more associated with light than Axis 1. Soil %OM was correlated with Axis 2 (r2 = 
0.164, r = -0.405). Soil P was correlated with Axis 1 (r2 = 0.321, r = 0.567), as was the presence 
of Acer barbatum in the canopy (r2 = 0.315, r = -0.561, and soil pH (r2 = 0.238, r = -0.488). 
 The canonical correspondence analysis (Figure 7) showed Axes 1 and 2 explained 10.6 % 
of the variance (1 = 6.7%, and 2 = 3.9%). The eigenvalue for both axes was higher than what 
would be expected if there was no relationship between environment and site assemblages (Axis 
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Figure 6: NMS ordination graph showing the relationship between the environmental and site 
type variables.  LE = Lee Creek, PU = Puskus Creek, SN = Snow Creek, TA = Little 
Tallahatchie River, YO = Yocona River. Acebar = mature Acer barbatum in canopy
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Figure 7: CCA ordination graph showing relationships between site species assemblages 
and site variables. Tallahatchie = , Yocona = , Lee = , Snow = , Puskus =  
Acebar = mature Acer barbatum in canopy, Faggra = mature Fagus grandifolia in canopy
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1 = 0.645, Axis 2 = 0.378, p = 0.001), so we reject the null hypothesis that there is no 
relationship between the variables and community composition. 
 Light affinity was strongly correlated with the Yocona River site. The Little Tallahatchie 
River site seems to be affected by soil composition (P and %OM ).  The significant soil 
properties (low %OM and high P) indicate that this site is occasionally flooded, and the 
residence time of the floodwaters is not extensive.  Snow Creek and Lee Creek are associates 
with shady, mature canopies. Puskus Creek is in a zone that has mid-range soil %OM indicating 
periodic flooding, and a lower P value that may indicate that the duration or incidence of the 
floods at this site are lower than the other active floodplains, or the soil are more permeable.
 Table 6 shows the soil chemistry values for each site. The range detected in this study for 
%OM indicates that each site is part of a periodically flooded wetland (Mitsch and Gosselink 
2000). The range for soil %OM in upland sites is 0.4-1.5, and for permanently flooded wetlands 
is 20-60% (Mitsch and Gosselink 2000). Phosphorus has an affinity for the fine particles that 
compose clayey soils (Mitsch and Gosselink 2000). In flooded soils of bottomland hardwood 
forests, where the soil nutrients are often replenished, high soil P levels are expected. 
 In Figure 8 the tendency of community assemblages to group within  environmental 
categories is evident. Lugwigia glandulosa, Jaquemontia tamnifolia, Paspalum species, Juncus 
effusus, Glyceria striata, Gratiola virginiana, and Cyperus strigosus are all grouped in the 
ordination space associated with high light availability and low %OM. Eleocharis palustris, 
Polygonum hydropiperoides, and Polygonum pennsylvanicum are grouped in a positive 
association with soil P. Soil P in riparian systems can be a result of poorly drained soils holding 
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Figure 8: NMS ordination showing the relationship between species and environmental site 
variables. allcer=Allium cernuum, amparb=Ampelopsis arborea, bidfron=Bidens frondosa, 
bigcap=Bignonia capreolata, boecyl=Boehmeria cylindrica, botvir=Botrychium virginianum, 
callyo=Calycocarpum lyonii, carex=Carex taxa, chalat=Chasmanthium latifolium, 
cypstr=Cyperus strigosus, descil=Desmodium ciliare, diovil=Dioscorea villosa, 
drymar=Dryopteris marginalis, elecar=Elephantopus carolinianus, elepal=Eleocharis 
palustris, galtin=Galium tinctorium, glystr=Glyceria striata, gravir=Gratiola virginiana, 
hyphyp=Hypericum hypericoides, ipohed=Ipomoea hederacea, ipolac=Ipomoea lacunosa, 
jactam=Jacquemontia tamnifolia, juneff=Juncus effusus, lesvir=Lespedeza virginica, 
lonjap=Lonicera japonica, ludgla=Ludwigia glandulosa, lycrub=Lycopus rubellus, 
micvim=Microstegium vimineum, mitrep=Mitchella repens, oxastr=Oxalis stricta, 
pacgla=Packera glabella, panicum=Panicum spp, parqui=Parthenocissus quinquefolia, 
paspalum=Paspalum taxa, pasinc=Passiflora incarnata, pilpum=Pilea pumila, poa=Poa taxa, 
podpel=Podophyllum peltatum, polhyd=Polygonum hydropiperoides, polpen=Polygonum 
pennsylvaniana, polvir=Polygonum virginianum, ranhar=Ranunculus harveyi, 
ransce=Ranunculus sceleratus, rhycor=Rhynchospora corniculata, rubhis=Rubus hispidus, 
smibon=Smilax bona-nox, smigla=Smilax glauca, smirot=Smilax rotundifolia, 
symdum=Symphyotrichum dumosum, toxrad=Toxicodendron radicans, viosor=Viola sororia, 
vitrot=Vitis rotundifolia, vitpal=Vitis palmata
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nutrients on the surface (Mikkelson 2002), or soil P increases during flood events when plants P 
uptake decreases (Pezeshki 1994). The three species associated with soil P in this study, 
Eleocharis palustris, Polygonum hydropiperoides, and Polygonum pennsylvanicum are all 
obligate and facultative wetland species. Many of the vine species grouped in the low-light zone 
associated with Acer barbatum in the canopy. Both groups had more perennial species than 
annuals. The species associated with the high light zone contained two capsule-fruited species, 
likely wind dispersed and water dispersed seeds. 
 The Yocona Creek assemblages were highly related to light availability (Figures 4, 5). 
This is to be expected from a deforested site.  The Tallahatchie River sites were associated with 
soil organic matter availability in the soil and low light through the canopy. Organic matter is 
deposited in the floodplain as floodwaters recede. The %OM available at the site may indicate 
that the site experiences regular flooding and low residence time of floodwaters. Snow Creek and 
Puskus Creek both fall within the low-light with Acer barbatum as a significant canopy species 
group. Acer barbatum is a species that has been identified in recovering wetlands (Burton 2005). 
Lee Creek is associated with low light and significant pH values. The average pH value at Lee 
Creek is 5.2, indicating that the soil is slightly acidic, but tending towards neutral among the 
range of soil pHs in this study: 4.6-5.2. A value of 5.2 is low for riparian soil productivity 
(Mikkelson 2002).
Functional group associations 
 Single-factor ANOVAs showed that six wetland functional groups were significantly 
represented in the field plots. 80% of the significant wetland species in the field plots were 
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perennials, and 80% had propagules adapted for wind and water dispersal (Table 7). Two 
functional groups were significant in the facultative species for the field sites, with vine species 
accounting for 75% of the significant species. The only significant upland species treatment was 
a fern, representing one functional group.
Variation in plant species composition between sites 
  There was no correlation between sites in species composition (Table 8). 
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Table 7. Significant plants in situ, single 
factor ANOVA 
Scientific Name P value
Wetland Species
Boehmeria cylindrica 0.018
Eleocharis palustris 0.006
Glyceria striata 0.034
Gratiola virginiana > 0.001
Juncus effusus 0.015
Ludwigia glandulosa 0.013
Lycopus rubellus > 0.001
Packera glabella 0.003
Polygonum hydropiperoides 0.003
Polygonum pennsylvanicum 0.020
Facultative Species
Ampelopsis arborea 0.033
Smilax glauca 0.024
Symphyotrichum dumosum 0.016
Toxicodendron radicans 0.004
Upland Species
 
Botrychium virginianum > 0.001
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Table 8: Similarity in plant species composition for functional 
groups. Values shown are Pearson coefficients of similarity. 
Critical value = 0.878, df = 3, P = 0.05
 Lee Puskus Snow Tallahatchie Yocona
Lee 1
Puskus 0.35 1
Snow 0.54 0.76 1
Tallahatchie 0.44 0.14 0.16 1
Yocona -0.16 0.20 -0.11 -0.09 1
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Discussion
 Riparian ecosystems in the United States have been greatly modified in the last century. 
Periodic flooding makes floodplain soils rich in nutrients has been harnessed and reduced to 
allow for a variety of land uses and development (Amoros and Bornette 2002). The effects of 
disturbance in this system has been evaluated in terms of both species richness and diversity, and 
functional group richness. This study indicates that different modifications can facilitate a variety 
of changes in diversity and composition of the floodplain plant communities.  
Riparian systems tend to have a zone of high diversity where the floodwater disturbance 
ends (Day et al. 1988, Stromberg 2006). In this study, the site with the greatest species richness, 
functional group richness, diversity, and evenness (Puskus Creek), was the site above a reservoir. 
These reservoir deltas tend to have greater landscape heterogeneity, and consequently support a 
high diversity of species, and support a variety of riparian species that may have been lost during 
dam construction (Johnson 2002). This study found that the reservoir delta contained an even 
mixture of wetland, facultative, and upland species and functional groups. The convergence of 
the wetland floodplain and floodplain edge at this area may create a unique environment where 
these species can coexist. A study over time at this site may reveal whether the site is in 
transition from and upland site to a wetland site or if it has reached some state of equilibrium. 
 Connectivity and historical flood periodicity may explain how the Little Tallahatchie 
River had the greatest wetland functional group richness and wetland indicator species. The 
lower diversity and presence of species expected in lowland riparian forests, as well as the 
association of the community with high organic matter present in the soil may indicate that even 
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though the flow periods may be reduced in quantity they may still follow the historic periodicity 
of the system (Stromberg et al. 2007).   
        Active and unmodified riparian systems have a canopy dominated by younger flood-
tolerant trees and shrubs (Gregory et al. 1991), with patches of some flood-tolerant upland 
species.  Many riparian systems have undergone similar community assemblage changes when 
the periodicity of the traditional hydroperiod is altered (Amoros and Bornette 2002, Boedeltje 
2004). Upland species are usually prevented from establishment in floodplains due to scouring 
during germination, and by prolonged soil saturation. If the timing of the flooding is changed, 
allowing germination and establishment, many facultative and upland species can withstand 
flooding once established (Howell and Benson 2000). Timing of flooding also affects the 
dispersal and establishment of riparian species, as riparian species take advantage of the floods 
for dispersal (Stromberg et al. 2007).  This study found that sites with increased canopy openings 
did translate into increased richness, however in some instances that increased diversity included 
non-wetland species.   
         The sites selected in this study are historically sites that are frequently disturbed by 
flooding and would be expected to foster communities of fast-growing herbaceous annuals with 
high seed production (Cummins 1974, Grime 1977), a majority of which should be shade 
tolerant (King et al. In Press). The five sites examined in this study all show an increase of 
competitors, upland species, and perennial species in their floodplains to different degrees. The 
influence of different types of non-wetland species on the sites varied with alteration, and 
indicates that these communities are affected in different ways by different modification regimes. 
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CHAPTER II
THE POTENTIAL FOR RIPARIAN FLOODPLAIN PLANT COMMUNITY RESTORATION 
FROM THE SOIL SEED BANK IN NORTHERN MISSISSIPPI
Abstract 
The effects of anthropogenic modifications of stream systems on riparian seed bank composition 
were examined at five sites in the Yazoo River watershed in northern Mississippi. Two methods 
were used to identify the seed bank. Soil samples were taken from five modified riparian systems 
and grown out in the greenhouse, where seed banks were identified as seeds germinated. Eight 1 
m x 1 m quadrats per site were cleared of the surface soil layers in early spring, and species 
germinating from the exposed soils at these sites represented a bank of species present from 
previous growing seasons. Resulting seed banks were examined using Nonmetric 
Multidimensional Scaling ordination, species diversity metrics, and functional groups analysis.  
Different hydrological modification regimes affected the seed bank composition in different 
ways. When the aboveground species assemblages were dominated by upland species the 
functional group and species richness in the seed banks of riparian floodplains were reduced. In 
systems with reduced flow but traditional hydroperiods, the seed bank was composed of a greater 
number of wetland species adapted to disturbance. 
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Introduction
 The viability and composition of seed banks in riparian systems may be affected by 
changes in local hydrology (King et al.. 2007, Mitsch and Gosselink 2000). Riparian systems are 
maintained by periodic flooding (King et al.. 2007, Mitsch and Gosselink 2000). Many wetland 
plants have adapted dispersal strategies that depend upon flooding (Pezeshki 2004).  Often the 
propagules (Howe and Smallwood 1982, Shafroth and Stromberg 2006) of riparian vegetation 
are released around flood events and may depend upon flooding to increase dispersal distance. 
Many have propagules that can float for long distances (Boedeltje et al. 2004, Griffeth and 
Forseth 2002). These propagules are carried down stream and deposited on the rich floodplain 
soils, some get caught in hummocks of vegetation (Levine 2000) or debris mats.  Some of these 
propagules will germinate immediately, while others germinate only after being abraded by the 
soil (Baskin and Baskin 2002), after undergoing a period of residence in saturated soils (Baskin 
and Baskin 2002, Budelsky and Galatowitsch 1999), or overwintering. 
 Wetland propagules are often adapted to germinate after specific environmental cues such 
as seasonal temperature change, periods of soil saturation and anoxia, or flood disturbance 
(Baskin and Baskin 2001, Budelsy and Galatowitsch 1999). Some riparian species have been 
shown to germinate more profusely after floodwater drawdown than propagules that have not 
undergone a period of seasonal soil saturation (Baskin et al. 2002). Abrasion caused by water and 
sediment may increase germination in these species. Budelsky (1999) showed that propagules of 
Carex lasiocarpa showed prolonged viability when stored in saturated conditions. Some species 
will only germinate below floodwaters (van der Valk 1981). Typha glauca establishes on 
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mudflats after floodwaters recede, while Phragmites australis germinates on mudflats with high 
light availability, but has no seeds in the seed bank (van der Valk 1981). Riparian species depend 
on floodwaters for germination in different ways, so it is important to understand the natural 
conditions necessary for the germination of riparian species when designing restoration programs 
in riparian systems (Ter Heerdt 1999).
  The distribution of the seed bank is determined in part by how well propagules float. 
Propagules that float for longer periods will be deposited over a greater area within the 
floodplain than propagules with shorter flotation times (Griffeth 2002). Many species with small 
hard seed coats have been found to remain viable for long periods (Howe and Smallwood 1982). 
Many wind dispersed species use hydrochochory as a secondary dispersal mechanism (Fenner 
and Thompson 2005, Howe 2005). Secondary dispersal mechanisms increase the initial dispersal 
distance that is achieved by the primary dispersal mechanism (Griffeth and Forseth 2002). The 
propagules that remain viable below ground compose what is known as the soil seed bank. The 
seed bank stores seeds until conditions are optimal for germination. Seed banks are important in 
all systems as they serve as a reserve of vegetation. Seed banks are adaptations of short-lived 
species in ecosystems that are highly variable from growing season to growing season. 
Propagules can remain dormant under unsuitable growth conditions or until suitable conditions 
return. Riparian floodplains are frequently disturbed systems, and a viable seed bank is essential 
to the long-term survival of the floodplain plant community.     
van der Valk’s 1981 model delineates four annual seed types in wetlands: propagules 
present in the seed bank which become established after floodwaters recede; propagules present 
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in the seed bank that become established during inundation; propagules not present in the seed 
bank that become established after floodwaters recede; and propagules not present in the seed 
bank that become established during inundation. All four types contribute to the composition of 
the above ground vegetation. Germination of one group may be favored over another during 
different environmental conditions. Propagules may be present in floodplains that have dried out 
due to management of the floodwaters, but may return if flooding is restored. In contrast, 
propagules of some invasive or upland species may enter the site or germinate after the 
floodplain dries. Propagules of plants that require a period of flooding would not be expected in 
a stream system that has been modified for flood reduction. 
 In most modified riparian environments, contribution of dormant propagules to 
restoration programs is most successful when the hydroperiod is restored and nuisance species 
are cleared from the floodplain (Rosburg 2001). Wetland soil chemistry undergoes a series of 
chemical changes during prolonged periods of inundation due to lack of oxygen for decomposing 
bacteria. Other studies have shown that some species of Onopordum germinate most profusely 
after warm storage in sandy soils (Qaderi 2002), and that dormancy period was shortened by 
warmer temperatures. Burial depth is a factor that is currently under investigation, but it is 
unclear whether burial depth is independent of temperature and exposure to sunlight (Qaderi 
2002, Lonsdale 1993). Seed bank composition has been shown to deteriorate over time, as 
woody species that can be present in seed banks that are under 10 years old disappear after seed 
banks age  (Middleton 2003). Riparian species are considered to be opportunistic species, 
meaning that they are fast growing colonizers that can withstand both periodic prolonged soil 
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saturation and regular flood disturbance (Bagstad et al. 2005).   Many riparian species are short-
lived annuals that depend on a combination of wind and water to disperse their propagules and 
maintain populations over time. They are not good competitors in general, and are highly 
sensitive to environmental changes that favor faster growing competitors, such as loss of soil 
saturation, loss of nutrients from the soil, and soil chemistry changes.  Recreating some aspects 
of pre-modified conditions may help facilitate a process of restoration.
 Understanding the factors that influence seed dormancy and seed bank composition is 
important to river and stream restoration projects. If the propagules of the native species in the 
seed bank remain viable, they may be able to germinate after restoration of pre-regulation 
environmental conditions, such as periodic flooding.  Wetland restoration is important to water 
quality, and more than ever the global community requires the return of degraded wetland 
ecosystems to stable, functional filtration systems. A primary goal of restoration projects is to 
reduce the time of recovery (Munshower 1994), and to create an ecosystem that functions on a 
higher level than the modified system (Palmer 2005). 
   The riparian zone is a unique interface of genetic and organic inputs and physical 
influences from the upland and fluvial areas that surround it (Gregory et al. 1991). The unique 
conditions (frequent disturbance, mixed open and closed canopy, occasional soil saturation) of 
the floodplain are important for the germination and establishment of a wide variety of wetland 
plants.  This research was developed to determine if there is a soil seed bank of native floodplain 
species present in altered floodplains in northern Mississippi bottomland hardwood forests, and 
if local ecological characteristics (i.e. light availability, distance from the channel, canopy 
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density, canopy composition, and soil structure) may have an effect on seed bank composition. 
My hypothesis is that a viable seed bank of dormant seeds of riparian species exists that could be 
used for restoration of degraded sites. 
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 Methods
Sampling areas 
 Quadrats were situated at five sites as described in Chapter 1. Beside each nested quadrat 
described in Chapter 1, an additional 1m x 1m quadrat was established where the surface 6 cm of 
soil was cleared to expose a layer of buried soil. The plots were cleared in early spring, before 
any herbaceous vegetation growth and same year seed release could occur.  These cleared plots 
represented an in situ measurement of the seed bank. Individuals growing from the cleared plots 
were counted throughout the sampling period until the individuals of that species reached 
reproductive maturity.  Species were identified and counted in the cleared plots in the same 
manner as described for the nested subplots in Chapter 1. All in situ data analyzed in this study 
were collected in the manner described in Chapter 1. 
Collection of seed bank
 Soil samples were collected in March 2005, 2006, and 2007 using a handheld soil corer. 
Eight seed bank samples were collected at each site, one sample from alongside each nested 1m 
x 1m quadrat, each year except 2005 when two sampled were taken at each site, one for chemical 
analysis and one for the greenhouse. Seed banks were sampled to a depth of 15 cm using a 2.5 
cm dia soil corer. Each sample was stored in an individual container in the field and labeled with 
the date, the time, the site and quadrat. They were transported immediately to the University of 
Mississippi for cold storage. The samples were held until May of the collection year in cold 
storage (General Electric Free Standing Household Freezer at 20 C°). After cold storage the 
samples were thawed and spread evenly onto potting soil in 0.1 m2 trays and housed in the 
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greenhouse at the University of Mississippi Field Station, one tray per sample. The trays were 
watered regularly using an automatically timed irrigation system. Trays were grouped by site, 
and one table in the greenhouse contained the trays for one site. Each group included one control 
tray of potting soil only. As seedlings emerged they were recorded and removed to avoid 
additional propagule input. The greatest number of individuals per sampling event was used for 
final analysis.  The second set of samples from the 2005 collection were sent to the Mississippi 
State University soil testing center, and analyzed for an array of chemical properties, including 
pH, soil % Organic Matter (OM), and soil phosphorus (P) (See Chapter 1 for quantities).  
Statistical Analysis
 Identical statistical procedures as described in Chapter 1 were used to analyze the 
patterns of species composition in PCORD 5.0 (McCune & Mefford, 2006). The data were 
adjusted using Beals smoothing prior to NMS analysis. Beals smoothing was useful in this 
analysis because the environmental data contained a lot of zeros, and the replacement of cell 
values with probabilistic values helped simplify the information available for each axis (Caceres 
and Legendre 2008, McCune & Mefford 2006).  Three axes were used, with one run in realtime 
data, stability criterion was 0.0005, 10 iterations to maximize stability, the maximum number of 
iteration was 400, no step down in dimensionality, and Sorensen distances were used.  The NMS 
solution with the lowest stress value and highest stability was chosen (McCune & Mefford 
2006).  The species composition ordination was then related to the environmental variables, 
which included site type (type of modification), microtopography (hummock, hollow, flat), 
distance from stream, light availability, soil P, soil %OM, soil pH, drainage (poor, moderate, 
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good), and the presence of mature Fagus grandifolia in the canopy. These variables were 
analyzed in relation to the species densities at each site. The relative abundances, relative 
frequencies, and indicator values for these species were determined using Indicator Species 
Analysis in PCORD 5.0 using 4999 runs in a Monte Carlo test, with P values set at 0.05.
 Mantel tests were performed in PCORD 5.0 to determine if the environmental variables 
were correlated with the species compositions. The tests were run first with one matrix of 52 
species, and one matrix of 10 environmental variables, using Euclidean distances. The 
randomization method was used for evaluating the test statistic. 
 Species and functional group richness and diversity were calculated as described in 
Chapter 1. Plants were grouped into functional groups based on combinations of morphological 
and reproductive strategy traits related to how a species responds to stress and disturbance (Table 
2).  Greenhouse and cleared plot data were pooled for ordination analysis, but kept separate for 
indicator species analysis and ANOVAs.
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Results 
Seed bank species
  Cyperus strigosus (FACW) was only found in the field at the Yocona River site (see 
Chapter 1), but appeared in the greenhouse treatments for all sites. Eleocharis palustris (OBL) 
and Mitchella repens (FACU+) were each found in the field at two sites, Lee Creek and Yocona 
River, and Snow Creek and Puskus Creek, respectively. Both of these species were found in the 
greenhouse treatments for all sites.  The cleared plot treatment for Lee Creek produced two 
species, Desmodium ciliare (FACU) and Viola sororia (FAC-) that were not present in the field 
plots for that site, and two species not found in any field sites: Podophyllum peltatum (FACU) 
and Passiflora incarnata (FACU). The greenhouse treatment for Puskus Creek produced a third 
species that was not present in the field sites, Pilea pumila (FACW). The cleared plot treatment 
for this site had no unique species. The greenhouse treatment for Snow Creek produced three 
additional species that were not present in the field site, Bidens frondosa (FACW+), Panicum spp 
(FAC-), Pilea pumila. The cleared plot treatment at this site produced two unique species: 
Desmodium ciliare and Ranunculus scleratus (OBL). The greenhouse treatment for the 
Tallahatchie River produced three additional species not found in the field, Desmodium ciliare, 
Lespedeza virginica (FACU), and Ludwigia glandulosa (OBL). The cleared lot treatment did not 
produce and unique species. The greenhouse treatment for Yocona River produced one species 
not found in the field assemblage, Carex species (FAC). The cleared plot treatment did not 
produce any unique species. 
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 Greenhouse species richness was greatest for the Little Tallahatchie River, and lowest at 
the Lee Creek and Snow Creek. 63% of species present accounted for 80% of the individuals in 
the greenhouse treatment of the study.  These were Cyperus strigosus, Boehmeria cylindrica, 
Carex spp, Eleocharis palustris, Microstegium vimineum, Bidens frondosa, Pilea pumila, 
Gratiola virginiana, Oxalis stricta, and Ludwigia glandulosa. 
 Cleared plot species richness was greatest at Lee Creek, and lowest at Yocona River and 
Snow Creek sites. The species that emerged in the cleared plots were fairly evenly distributed. 
Sixty percent of the species in the two seed bank treatments were the same.  These species were 
Bidens frondosa, Boehmeria cylindrica, Carex spp, Cyperus strigosus, Desmodium ciliare, 
Elephantopus carolinianus, Eleocharis palustris, Gratiola virginiana, Lespedeza virginica, 
Ludwigia glandulosa, Microstegium vimineum, Oxalis strigosus, Panicum spp, Poa spp, and 
polygonum pennsylvanicum. Of the species that were shared in both the cleared plots and the 
greenhouse plots, 60% were wetland species.   
Functional groups diversity
 All greenhouse sites had a greater richness of wetland groups than cleared plots. In the 
greenhouse, the wetland species were dominated by herbaceous species (Table 9). Of the six 
wetland functional groups present in the greenhouse treatment, three were annual herb groups 
and two were perennial herb groups. Herbaceous groups also represented close to 60% of the 
groups present in the greenhouse treatment. The Yocona River and Little Tallahatchie River sites 
both had the highest number of wetland species in the greenhouse treatment. The facultative 
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Table 9. Twenty-two functional types found in five sites in northern Mississippi 
floodplains, greenhouse
 
Functional Group Example
Number of species
Lee Puskus
Little 
Tallahatchie Snow Yocona
Wetland Species
herb, annual, achene
Pilea pumila
0 1 1 1 1
herb, perennial, achene
Calycocarpum lyonii
1 1 1 0 1
herb, perennial, capsule
Galium tinctorium
0 1 1 0 0
herb, annual, fruit
Ranunculus sceleratus
0 0 0 0 1
herb, annual, winged seed
Bidens frondosa
1 0 1 1 1
shrub, perennial, berry
Rubus hispidus
0 0 0 0 0
graminoid, perennial, achene
Cyperus strigosus
2 2 2 2 2
graminoid, perennial, winged seed
Rhynchospora corniculata
0 0 0 0 0
Totals
3 4 5 3 5
Facultative Species
graminoid, achene, annual
Panicum taxa
1 1 2 2 2
graminoid, achene, perennial
Carex taxa
1 1 1 1 1
graminoid, perennial, winged seed
Chasmanthium latifolium
0 0 0 0 0
herb, achene, perennial
Viola sororia
0 0 0 0 0
herb, perennial, winged seed
Symphyotrichum dumosum
0 1 0 0 0
herb, fruit, perennial
Allium cernuum
0 0 0 0 0
shrub, achene, perennial
Hypericum hypericoides
0 0 0 0 0
vine, berry, perennial
Parthenocissus quinquefolia
0 0 0 0 0
vine, fruit, annual
Ipomoea hederacea
0 0 0 0 0
vine, fruit, perennial
Ipomoea lacunosa
0 0 0 0 0
vine, winged seed, perennial
Bignonia capreolata
0 0 0 0 0
Totals
3 3 2 2 2
Upland Species
cryptogram, perennial
Botrychium virginianum
0 0 0 0 0
herb, achene, perennial
Oxalis stricta
0 0 1 0 1
herb, capsule, perennial, N-fixer
Lespedeza virginica
0 0 1 0 0
herb, fruit, perennial
Podophyllum peltatum
0 0 0 0 0
vine, capsule, annual
Jacquemontia tamnifolia
0 0 0 0 0
vine, fruit, perennial
Passiflora incarnata
1 0 0 0 0
Totals
1 0 2 0 1
functional group richness 6 7 9 5 8
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groups in the greenhouse plots were primarily annual and perennial graminoids. 75% of the 
upland greenhouse species were annual and perennial herbs. 
 Cleared plots sites had a greater richness of facultative groups, and each cleared plot 
treatment had at least one upland group. The perennial herb group dominated the wetland groups 
in the cleared plots (Table 10). Similar to the field plots, the cleared plots had a strong presence 
of the perennial herbs with both achenes and capsules. Yocona River had the greatest richness of 
wetland species functional groups. Lee Creek had the greatest functional group diversity in the 
facultative groups, and Tallahatchie River had the greatest number of perennial graminoid 
groups. The upland species in the cleared plots were dominated equally by the Oxalis perennial 
herb group and the Nitrogen fixing herbs, which were found in every site except Yocona river. 
Lee Creek also had the highest functional group richness in the upland groups. Puskus had equal 
functional group richness in each of the three categories. 
 In general, the facultative groups were richer than the wetland and the upland groups for 
both the field and the cleared treatments. The Lee Creek site has the greatest functional group 
richness in the cleared treatment, with the richness concentrated in the facultative and upland 
categories.  the Little Tallahatchie River site had the greatest functional group diversity for the 
greenhouse seed bank treatment, with the richness concentrated in the wetland species.  
Species and Functional group richness
 The Lee Creek site had the highest species and functional group richness in the cleared 
treatment (Figures 9, 10). The cleared treatment had more facultative groups than wetland or 
upland. The Little Tallahatchie River site had the greatest species and functional group richness 
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Table 10: Twenty-two functional types found in five sites in northern Mississippi floodplains, 
cleared plots
 
Functional Group Example
Number of species
Lee Puskus Snow Little Tallahatchie Yocona
Wetland Species
herb, annual, achene
Pilea pumila 0 0 0 0 1
herb, perennial, achene
Calycocarpum lyonii 1 1 1 2 1
herb, perennial, capsule
Galium tinctorium 2 1 1 0 1
herb, annual, fruit
Ranunculus sceleratus 1 0 1 0 1
herb, annual, winged seed
Bidens frondosa 0 0 0 0 1
shrub, perennial, berry
Rubus hispidus 0 1 0 1 0
graminoid, perennial, achene
Cyperus strigosus 1 0 0 0 3
graminoid, perennial, winged seed
Rhynchospora corniculata 0 0 0 0 1
Totals 4 3 3 2 7
Facultative Species
graminoid, achene, annual
Panicum taxa 1 1 1 1 1
graminoid, achene, perennial
Carex taxa 1 0 1 1 0
graminoid, perennial, winged seed
Chasmanthium latifolium 0 0 0 1 0
herb, achene, perennial
Viola sororia 1 1 1 0 0
herb, perennial, winged seed
Symphyotrichum dumosum 1 0 0 0 0
herb, fruit, perennial
Allium cernuum 1 0 0 0 0
shrub, achene, perennial
Hypericum hypericoides 0 0 0 0 0
vine, berry, perennial
Parthenocissus quinquefolia 6 6 4 5 1
vine, fruit, annual
Ipomoea hederacea 0 0 0 0 0
vine, fruit, perennial
Ipomoea lacunosa 0 0 0 1 0
vine, winged seed, perennial
Bignonia capreolata 1 0 1 0 0
Totals 6 3 5 5 2
Upland Species
cryptogram, perennial
Botrychium virginianum 2 1 0 0 0
herb, achene, perennial
Oxalis stricta 2 1 0 1 1
herb, capsule, perennial, N-fixer
Lespedeza virginica 1 2 1 1 0
herb, fruit, perennial
Podophyllum peltatum 1 0 0 0 0
vine, capsule, annual
Jacquemontia tamnifolia 0 0 0 0 0
vine, fruit, perennial
Passiflora incarnata 1 0 0 0 0
Totals 5 3 1 2 1
functional group richness 15 9 9 9 10
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in the greenhouse treatment, and these groups were primarily wetland groups. Regression 
analysis showed a strong correlation between functional group and species richness for both seed 
bank treatments (greenhouse: R2 = 0.83, P = 0.052, cleared plots: R2 = 0.90, P = 0.014). 
Environmental variables and species assemblages(NMS)
 Mantel tests found significant patterns in the plant assemblages in each treatment, cleared 
plots, and greenhouse plots (Mantel’s r = 0.128, P = 0.05, r = 0.161, P = 0.04, and r = 0.199, P = 
0.013 respectively) (McCune and Grace 2002).  Both Axis 1 and Axis 2 were correlated with 
light availability (coefficients of determination for Axis 1: r = -0.429, r2 =0,242, for Axis 2: r = 
-0.432, r2 = 0.186) (Figure 11). Axis 2 was correlated with soil P (r = -0.320, r2 =0.102), and the 
presence of mature Acer barbatum in the canopy (r = 0.271, r2 = 0.074).  Axis 1 was correlated 
with %OM (r = 0.208, r2 = 0.043). 
  The seed bank community at Yocona Creek was associated with high light availability 
(Figure 12). A number of species that correlated with high light availability and low %OM in 
Chapter 1, Lugwigia glandulosa, Gratiola virginiana, and Cyperus strigosus, all grouped the 
same in the seed bank treatments. Eleocharis palustris, Polygonum hydropiperoides, and 
Polygonum pennsylvanicum were grouped in a positive association with soil P in chapter 1, and 
in the seed bank studies they fall into the high light, low %OM group, conditions that, like 
increased levels of soil P, can indicate extended periods of soil saturation. Parthenocissus 
quinquefolia and Dioscorea villosa also fell into the same group in both treatments: low soil P, 
and low light.  Viola sororia fell into the same category in both treatments as well: low light, low 
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Figure 11: NMS ordination graph showing the relationship between the environmental variables 
and seed bank treatment.  = Greenhouse treatments, and  = Cleared Plots. LE = Lee Creek, PU 
= Puskus Creek, SN = Snow Creek., TA = Little Tallahatchie River, YO = Yocona River
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 Figure 12: NMS ordination showing the relationship between species and environmental site 
variables. See Chapter 1, Figure 5 for species codes.
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P, high %OM. some species, such as Panicum species and Bidens frondosa did not fall into the 
same categories yet both species fell into the high light category in the seed bank treatment. 
 The greenhouse assemblages all resided in the high light area of the ordination space, 
although the Yocona River assemblage was grouped separately, either associated with higher 
light availability or higher P and lower %OM. The Little Tallahatchie River cleared plots 
grouped strongly in a medium light, medium P, and medium %OM area. The Puskus Creek 
cleared plot assemblages ranged from high to low light, high to low P and %OM. This is likely 
an effect of the elevation difference from the streamside plots at streamside to the higher ground 
further from the channel. 
Indicator species analysis
 Indicator species analysis showed that a number of species had densities in the seed bank 
(including cleared and greenhouse species) with relative abundances that differed in relation to 
the modification. The relative abundances, relative frequencies, and indicator values for these 
species were determined using Indicator Species Analysis in PCORD 5.0 using 4999 runs in a 
Monte Carlo test, with P values set at 0.05. Indicators for the seed bank are (greenhouse 
treatment) are Cyperus strigosus (P = 0.001), and Eleocharis palustris (P = 0.009). C. strigosus 
and E. palusitris are both wetland speices, and graminoids with small hard seeds. One species 
had a weak indicator value for the cleared plots seed bank treatment, Oxalis stricta (P = 0.06). O. 
stricta is an upland herbaceous species with small hard seeds.  All of these species were native 
(USDA 2005).  
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Species associations with in-situ or seed bank treatments
 Single-factor ANOVAs showed that six wetland functional groups were significantly 
represented in both the field plots and the cleared plots (See Chapter 1 for field site data). 60% of 
the significant wetland species in the cleared plots were perennials (Table 11), and 88% of those 
species had propagules adapted for wind or water dispersal.  Three of the five functional groups 
significantly represented in the facultative group were vine groups, and the other two were 
graminoids. One of the significant vines (Lonicera japonica) was non-native. The single 
significant species in the upland group was a fern.
 Three wetland groups were represented by significant species in the greenhouse 
treatment, two herb groups and one graminoid (Table 12). 75% were perennial species. The 
significant facultative species in the seed bank were all perennial graminoids with achenes, and 
the fourth species is non-native annual (Microstegium vimineum). The single significant upland 
species in the seed bank treatment was Mitchella repens, a vine species that produces a small 
fleshy fruit. 
Variation in plant species composition between sites
  In the greenhouse communities, there were strong correlations between the Puskus Creek 
and Yocona River assemblages (r = 0.854) (Table 13), and also between the Little Tallahatchie 
River and Lee Creek, and the Little Tallahatchie River and Puskus Creek assemblages. The 
similarities in the greenhouse assemblages may be explained by the homogeneous environmental 
conditions in the greenhouse.  There were no strong correlations between any of the cleared plot 
assemblages (Table 14). 
67
Table 11: Significant species in cleared plots, single-factor 
ANOVA
Scientific Name P value
Wetland Species
Cyperus strigosus 0.001
Polygonum pennsylvanicum 0.005
Bidens frondosa > 0.001
Eleocharis palustris 0.004
Gratiola virginiana 0.021
Ludwigia glandulosa 0.001
Lycopus rubellus 0.042
Polygonum hydropiperoides 0.007
Facultative Species
Lonicera japonica 0.011
Panicum taxa > 0.001
Carex taxa 0.006
Dioscorea villosa 0.001
Poa taxa 0.001
Smilax glauca 0.003
Toxicodendron radicans 0.016
Ipomoea lacunosa 0.028
Upland Species
 Botrychium virginianum 0.047
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Table 12: Significant plants in greenhouse, 
single-factor ANOVA
Scientific Name P value
Wetland Species
Cyperus strigosus 0.005
Boehmeria cylindrica 0.002
Eleocharis palustris 0.015
Gratiola virginiana > 0.001
Facultative Species
Carex spp 0.015
Poa spp 0.007
Microstegium vimineum 0.038
Upland Species
 Mitchella repens 0.007
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Table 13: Similarity in plant species composition for cleared plots 
(above diagonal) and greenhouse sites (below diagonal). Values 
shown are Sorenson’s coefficients of similarity.
 Lee Puskus Snow Tallahatchie Yocona
Lee 1 -0.06 0.45 0.09 0.22
Puskus 0.36 1 0.15 0.20 0.01
Snow 0.33 0.05 1 -0.00 -0.17
Tallahatchie 0.75 0.70 0.49 1 -0.18
Yocona 0.19 0.85 -0.10 0.45 1
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Discussion
 Unaltered riparian systems form a physically and temporally complex landscape. Within 
this landscape, a diverse assemblage of herbaceous and canopy species that range in age, size, 
and life history traits should thrive (Ward and Tockner 2001, Johnson 2002). Anthropogenic 
alterations of these systems have been shown to reduce species diversity and complexity 
(Shafroth et al. 2002, Palmer 2005, Howell and Benson 2000, DeSteven et al. 2006). Seed banks 
represent a means to preserve species richness in a system over time and environmental flux.  
However the seed bank can also be sensitive to environmental conditions.  Periods  of prolonged 
alteration have also been shown to reduce species richness of seed bank species (Middleton 
2003). Germinants from the seed bank in systems undergoing restoration can be susceptible to 
drought conditions (DeSteven et al. 2006).  Among restoration strategies, the soil seed bank may 
offer a useful passive contribution to a restoration program (Palmer 2005, Boedeltje 2004). This 
study documented a seed bank of wetland species in five hydrologically altered systems that 
could facilitate restoration with the aid of other restoration tools such as selectively clearing 
some canopy species and restoring the historical hydroperiod.
 Three species were present in the seed bank at all sites: Cyperus strigosus (FACW), 
Eleocharis palustris (OBL), and Mitchella repens (FACU).  These species were largely absent 
from the in situ assemblages with two notable exceptions: the two wetland species mentioned 
above are highly flood tolerant and shade intolerant species (USDA 2011) that were found in the 
in situ assemblage at Yocona River, and M. repens is a late successional shade tolerant evergreen 
species associated with acidic, mesic soils (Coladonato 1993) was found in the in situ 
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assemblages at Snow Creek and Lee Creek. The two wetland species are available in the seed 
banks of late successional environments, prepared to emerge should the canopy coverage become 
reduced and flooding increased.  The latter species, M. repens, is a perennial evergreen late 
successional species associated with relatively stable mesic forest habitats.  Its presence in the 
seed bank may indicate that mature individuals would not survive the reintroduction of 
hydrology or more open canopy conditions.    The seed banks at all sites did contain greater 
proportions of wetland functional groups than the in situ assemblages. The presence of mature 
Fagus grandifolia and Acer barbatum in the overstory at two of the sites, Snow Creek and Lee 
Creek, indicate that hydrologic reductions have occurred significant enough to allow canopy 
species to become established and reach maturity.  One invasive species found in the seed bank 
as well as the in situ assemblages, Microstegium vimineum, has been shown to outcompete 
riparian habitat specialists in functional riparian systems (Brewer 2010).   Boehmeria cylindrica 
and Carex species were present in both the seed bank and the in situ assemblages.  These two 
have been shown to be present in floodplains recovering from major disturbances ((Muzika 
1987)). Ampelopsis arborea was a significant indicator species in the in situ community 
assemblage, a wetland species associated with a short hydroperiod (Snyder 1993).  This 
demonstrates that reduced hydroperiods have affected the structure of the in situ plant 
communities of these systems. Other than at the Yocona River site the seed bank is composed of 
species adapted to periodic but not prolonged flooding, a mixture of shade and light availability, 
and the absence of a mature canopy, the conditions that describe an active riparian floodplain.  
The species in that group would be expected on a scoured, open floodplain. 
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 Restoration of any degraded system usually includes the concept of an end-goal, the state 
of the system had it not become degraded (Palmer et al. 2005). Often this end-goal is described 
by a reference site, however reference sites can be difficult to establish if historical conditions 
cannot be identified (Palmer et al. 2005).  When no reference site is available, an understanding 
of the environmental conditions can be useful in determining the optimal conditions for the site 
(Palmer et al. 2005). An end goal of high species and functional group richness and diversity 
could be achieved through a combination of selective species removal and restoration of 
historical hydroperiod to facilitate the dispersal of species that produce seed during historical 
flood periods (Boedeltje 2004, Stevens and Cummins 1999). The seed banks in all of the sites we 
evaluated did have a higher richness of wetland species than their corresponding in situ species 
assemblages, and although these seed banks alone may not be enough to restore a rich and 
diverse riparian floodplain community, the seed bank would provide a foundation of wetland 
species and functional groups.   There were significant differences between the in situ 
assemblages and the corresponding seed bank communities for each site.  The seed bank 
contained a number of species that could take advantage of increased flooding and canopy 
openings, with the exception of Yocona River, which should species that would take advantage 
of an increased canopy cover.  
 Species composition at all sites is reflective of some hydrological alteration and of 
canopy development. Each site also showed an assemblage of species in the seed bank that 
differed from the in situ conditions at the site, indicating that each site has an active seed bank of 
species prepared to enter the community assemblage when the conditions are conducive to their 
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germination. In the event that large-scale restoration projects, such as complete restoration of 
hydroperiod are not feasible, an intermediate regime of selective canopy clearing and upland 
species removal may help preserve a more diverse seed bank.
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